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ABSTRACT 

1.  Purification  of  a  protease  inhibitor! 

In  previous  3tudies  we  have  found  that  the  euglobulin  fraotion,  prepared 
from  the  subsiding  or  healing  Bite  of  outaneous  Arthus  inflammation  in 
rabbits,  can  suppress  markedly  the  inflammation |  and  the  suppressing 
effect  of  the  protein  fraotion  is  largely  due  to  a  epeoifio  protease  in¬ 
hibitor  pi: rent  in  the  protein  fraction# 

Thio  previously  undesoribed  antiprotease  was  extensively  purified 
anc.  obtined  as  fibrous  crystalline-like  substanoej  the  purlfloation 
procedures  essentially  consisted  of  fractionation  with  ammonium  sulfate, 
chromatography  with  Sephadex  0-50  and  DEAE-cellulose,  and  oonoontration 
with  Sephadex  G-25-  This  antiprotease  inactivated  a  particular  SH-dependent 
protease  of  the  cutaneous  lesion  of  Arthus  inflammation  and  papain,  but 
had  no  effect  on  trypsin  and  chymo trypsin*  This  substanoo  appeared  to 
be  a  polypeptide,  positive  with  biuret  test,  thermostable,  non-diffusible, 
non-preci pi table  with  3  %  trichloroacetic  aoid  and  insoluble  in  water  but 
soluble  in  salt. 

2.  Endogoneous  mechanism  in  vasoular  permeability  in  inf  lamination  i 

The  moohanism  of  inore&aed  vasoular  permeability  in  inflammation  was 
studied  beoauee  this  phenomenon  is  one  of  the  oardinal  features  in  infla¬ 
mmation.  Inoreaeed  vasoular  response  in  outaneous  Arthue  inflammation 
was  diphasio— immediate  and  delayed)  the  former  was  temporary  and  medi¬ 
ated  by  a  substanoe  sueoeptible  to  antihistamine  (possibly  histamine*)* 
the  lafiter  was  intense  and  prolonged,  and  mediated  by  other  systems. 


A  new  permeability  faotcr  (PP)  ms  isolated  as  the  pseudo  globulin 
fraction  from  the  lesion  showing  the  delayed  response;  the  substance 
was  insusceptible  to  antihistamine,  soy  bean  trypsin  inhibitor,  or 
di-iso-propyl  phospho fluoridate,  and  had  no  smooth  muscle-stimulating 
action  or  ohemotaotio  aotion  on  louoooytes.  The  permeability-increasing 
effect  of  tho  pseudo globulin  was  suppressed  markedly  by  the  euglobulin 
prepared  following  tho  same  way  as  noted  above.  Inspite  of  the  exis¬ 
tence  of  the  antipro tease,  the  suppressing  effect  of  the  euglobulin 
was  possibly  due  to  a  new  substance  (anti-PP).  Partial  purification 
of  this  anti-PP  was  made  by  using  Sephadex  G-50  column. 

Those  observations  presented  here  are  very  suggestive  for  clarifying 
the  important  endogoneous  mechanisms  of  various  tissue  manifestations 
in  inflammation* 


APPENDIX  "A" 


THE  BIOLOGICAL  SIGNIFICANCE  AND  CHEMISTRY  OF  A  PROTEASE  INHIBITOR 
NE'-VLY  ISOLATED  FROM  ANIMAL  TISSUE 


1.  PURIFICATION  OF  A  FROTEASE  INHIBITOR 


Tho  possible  ro lo  of  protc&sos  in  tho  allorgio  response,  and  in  tissue 
danaga  in  general,  has  received  increasing  attentionf  particularly  in  the 
last  decade  (soo  review  by  Ungar  and  Hoyashi,  1958)* 

Oonishi  (1942)  observed  increased  proteolysis  in  tho  lungs  of  dogs  in 
which  allergic  ynounonia  was  induced;  and  Horhorts  (4955)  detected  a  protease, 
inaotivatod  by  sulphydryl  block,  in  tho  lungs  of  guinoa-pigs  in  anaphylactic 
shook.  Increased  proteolysis  also  occurs  in  other  organs;  e. g, ,  in  tho 
liver  of  frogs  in  peptone  shock  (Vfoinor,  1955)* 

Previous  studios  in  this  laboratory  havo  shorn  that  tho  activity  of 
certain  skin  protea3e  increases  in  parallel  with  tho  development  of  outanoous 
Arthuf.-type  reactions':  and  that  in  activation  of  tho  protease  by  a 
polypeptide  inhibitor  'uy  explain  tho  subsequent  and  gradual  cessation  of 
tho  reactions  (Kaynshi,  1955,  1956,  1958'  Havashi  ct  al . ,  1958'  Udaka,  I960’ 
Ito,  i960).  The  protease  and  anti-protease  each  ’•■ero  roloased  by  tissue 
phagocytes  during  antigen-antibody  reactions,  tho  onzyno  being  released 
bofor  its  inhibitor.  Both  substances  voro  recovered  in  euglobulin  fractions 
(Hayashi,  Tokuda  and  Udaka,  I960;  Tokuda,  Hnyashi  and  "at sub a  I960?  Udaka, 
I960). 

The  reactions  wore  suppressed  by  a  crude  preparation  of  euglobulin 
containing  tho  inhibitor  (Eat sub  a,  i960);  or  by  more  refined  preparation 
(Miycahi,  unpublished)  injected  with  tho  antigen.  These  preparations  also 
wore  effective  when  given  either  before  or  after  injecting  the  antigen. 
Accordingly,  the  protease  ^ay  be  one  of  tho  factors  responsible  for  the 
inf1  anna  to  ry  lesion,  tlic  balance  bet- .-eon  tho  protease  and  its  inhibitor 
dot  dning  the  intensity,  extent  and  duration  of  the  reactions.  The 
inhibitor  can  inactivate  papain  but  has  no  effect  on  trypsin  or  plasnin 
(Udaka,  Har-vda  and  Hnyashi,  1961). 

This  paper  describes  further  observations  on  purification  of  tho  inhibitor 
by  a  column  chr  ’’^ato graphic  technique  and  on  sore  properties  of  this 
inhibitor. 

KXrRRI’OTTALS  AfTD  RESULTS 

^  Adult  nalo  albino  rabbits  (2.0  -  2.3  kg.)  bred  in  our  laboratory  wore  used. 


iMtttBitel  of  —  Wt«  nl.  of  Torino  sewn  was  injected 

subcutaneously  on  the  1st,  3rd  and  5th  days,  On  the  16th  day  tho  antibody 
content  of  each  anin«l»a  Borun  tu  detorrined  by  precipitin  test  (Hnyashi 
at  al..  I960),  In  tubes  3  nn,  dian,,  serial  dilutions  of  serar  '•■ore  tested 
♦dth  equal  volumes  (0,1  nl.)  of  antigen,  and  results  road  aftor  6  hr  at 
roon  tanporature.  Only  anirmls  with  titres  of  2®  wore  usod. 

Induction  and  evaluation  of  Arthua-typo  lnflantmtion. - Tho  hacks  of 

sensitized  anirmls  wore  olosely  clipped.  Aftor  24  hr.  0.2  nl,  bovine  sorun 
v/a 8  injected  intrademally  in  20  sites  in  on  area  15  x  12  on,  Tho  sorun 
induced  Arthus-type  reactions  which  were  equally  intense  at  all  sites. 

Macroscopically ,  tho  raactions  connenood  in  about  3  hr.,  were  naxi’-ml  in 
22  -  26  hr.,  and  then  declined  in  intensity.  Tho  inflammatory  reaction  had 
usually  disappeared  12  -  19  days  aftor  injection.  Anirmls  vith  such 
reactions  were  used  for  tho  tost  but  wore  discarded  ’«  healing  of  the  lesions 
was  delayed  at  any  stage  by  sloughing  of  tho  skin. 

Preparation  of  skin  acetone  poydor.  -  Healing  inflamed  skin  was  excised 

innodiately  after  killing  tho  aninp.ls.  Fat  and  nusole  was  removed,  tho 

skin  finely  winced  with  scissors  and  i’-'nediately  frozen  at  -80°  .  The 

frozen  skin  was  out  into  slices  about  5 O^i  thick  with  a  freozing  -’i  arc  tone 

and  tho  slices  placed  in  2-4  1.  of  cold  acetone  of  which  the  to’-perature 

then  v.as  allowed  to  rise  to  2°  .  Dehydration  was  continued  with  3  changes 

of  acotono  (2-4  <&  ),  each  batch  of  acetone  boing  hold  with  tho  skin  for 

60  rin.  at  2°  ,  and  then  removed  V  filtration.  The  povderod  skin  was  then 

air-dried  in  a  hood  to  ronove  residual  aoetone  and  desiccated  in  vacuo  over 

P„  0r  for  24  hr.  Tho  technique  was  described  by  Udaka  (i960), 

2  5 

Preparation  and  uso  of  Sephadex  and  DEA^-Celluloaet 

Sephadox  0-50  and  G-25,  onployod  in  this  study,  wero  purchased  from 
connorcial  soucos  (Phamacia,  Uppsala,  Sweden)  and  prepared  by  the  nethod 
of  Torath  and  Flodin  (1959)*  and  Flodin,  Oelotte  and  Porath  (i960).  D15AF- 
ocllulose,  containing  O.87  noq,  of  titrable  groups  per  g. ,  was  purchased 
fron  connorcial  souces  (Carl  Schleioher  i  Sohnell  Co.  Ltd.)  and  prepared 
according  to  Peterson  and  Sober  (195^). 


The  nolu;ms  vraro  packed  as  follows} 

Oo lu-n  I,  —  Air-dried  Sophndox  (G-50,  about  10  g, )  was  suspended  in  25 
volu^ua  of  0,05  IT  NaOl  solution  and  oontlnuod  with  sovoral  ohnngos  of  the 
sn.no  solution  until  tho  supernatant  was  clear.  At  this  stage,  no  deterior¬ 
ation  of  tho  Sophndox  has  aver  boon  noticed  after  frequent  use  for  rtore  than 
three  months,  'The  thin  suspension  was  transferred  to  a  large  funnel,  $■ 
provided  with  u  stirrer,  and  oonnoctod  v.lth  a  2,0  x  30  on,  chromatography 
tube  of  glass  fitted  at  the  bottom  \lth  0-1  filter  and  filled  with  0.C5N 
NnCl  solution.  When  a  bod  of  a  few  oontinotors  had  formed  above  tho  G  -  1 
filter  the  stopcock  at  the  bottom  of  tho  column  tube  was  opened  and  Sephadox 
grains  wore  allowed  to  sottlo  under  liquid  flow.  Tho  final  column  measured 
17  on.  in  height.  Then  the  columns  could  bo  washed  with  the  M/l5  phosphate 
buffer  solutions  desired  (pH  6.8,  ionic  strength  0.26)  without  notable  change 
of  tho  outor  dimensions  of  tho  bed. 

Column  II.  — -  10  g.  of  DEAE-cellulose  vras  suspended  in  100  nl.  of  0.  ITT 
MaOH,  then  transferod  to  a  large  vossol  and  dilutod  with  water  to  1  liter. 
After  standing  overnight,  tho  cloudy  supernatant  liquid  was  decanted,  arid 
the  sediment  was  washed  5  or  6  tinea  by  decantation  to  remove  particles  Jjjf 
that  would  not  settle.  The  final  supernatant  liquid  was  almost  clear  and 
was  free  of  alkali.  This  adsorbent  was  poured  ss  a  slurry  into  a  glass  tube 
fitted  at  tho  bottom  with  G  -  1  filter  and  was  allowed  to  sottlo  under  flov; 
conditions  i.uducod  by  gravity.  Aftor  gravity  settling  was  nearly  complete, 
tho  adsorbent  was  further  compacted  by  the  application  of  air  pressure 
until  a  constant  column  height  was  achieved.  Aftor  such  preparation,  tho 
column  would  not  run  dry  under  gravity  flow. 

The  packed  adsorbent  column  was  thon  washed  with  several  column  volumes 
of  the  Td/l5  phosphate  buffer  to  ensure  pH  and  temperature  equilibrium.. 

Approximately  3  g.  of  adsorbent  was  used  to  prepare  packed  columns  of 
25  x  1.2  cm.  Tho  exact  hoight  dopenaod  on  the  adsorbent -ciaploycd. 

Development  of  chromatogram « 

Tho  eqilibrntod  protein  samples  were  washed’  into  the  column  with  several 
1-nl.  portions  of  buffer  beforo  the  continuous  flow  of  buffer  was  begun  and 
slowly  filtrated  down. 

Per  Sephadox  column,  the  rate  of  tho  subsequent  elution  with  tho  buffer 
usually  adjusted  1  drop/7-10  soo.  and  tho  effluent  fractions  were  collected 
every  3  g.  by  Toyo-Roshi  automatic  fraction^  ■eSfcotor  (Model  3F-200  A). 


For  DEAJS-oolluloso  colurm,  flow  rates  of  approximately  6  rl./hr.  wore 
obtained  vdth  no  luma  of  the  oxohnngor  25  on,  long  and  1.2  o’",  vddn  with  a 
hydrostatio  hoad  of  60  to  90  or..  Fractions  v.-oro  no  1  looted  ovoiy  3  g.  by  on 
autonatio  fraction  colloctor.  Elution  was  ncoonplishod  by  changing  tho  pH  of 
the  eluting  buffer,  oxoopt  certain  casos  in  •'•hioh  ionic  strength  was  varied 
according  the  purpose.  Two  nothodo  of  elution  wore  e'\iL  yod*  a  gradient 
elution  (Peterson  and  Sober,  1956)  and  atopwoioo  changes  of  tho  buffer. 
Separations  wore  perfo rnod  at  cold  rocr  (2°  C)  unless  otherwise  noted.  A 
variety  of  buffers  was  satisfactory  or  the  nocessaxy  pH  range  (pH  5.9  to  9.2). 
Phosphate  buffer  of  ionic  strength  0.26  was  usod  in  general. 

Examination  of  effluents 

e 

During  purification  of  tho  inhibitor,  protilln  conn  ntrations  war©  shown 
by  an  optical  density  at  280  rip  (H28o  ^  *n  1Je°knRn  spectroph  'toretor  (Mbdol 
QJR-50)  with  standard  cells  of  1  on  light  path.  Total  nitrogen  was  detor’inod 
hy  nioro-kjoldahl  analysis.  vvioniun  ion  was  testod  by  dossier's  reagent. 


Enzynos: 

Hie  enzymes  used  in  this  study,  papain  and  .crystalline}  trypsin  v;orc  puhcbaCod 
fron  the  Merck  Co.  Ltd.,  and  Washington  Biochemical  Corporation,  dl-ohyno- 
trypsin  was  supplied  by  Eisai  Co.  Ltd.  Proteolytic  eu globulin  was  prepared 
from  inflanod  skin  at  naxinun  stage  (24  hours)  of  Arthus  reaction  according 
t-!  our  previous  (Hayashi  ot  al.  1958;  IR.aka,  i960). 

Protease  inhibitor  assay* 

Inhibitory  effect  of  the  inhibitor  was  deterriinod  by  casein  digestion 
according  to  Udaka  (i960).  Its  effect  was  shown  by  activity  of  tho  inhibitor 
to  inactivate  one  papain  nnit.  Papain  was  prepared  as  1.5  %  suspension 
according  to  the  previous  'XJthod  (Udaka,  Harada  and  Hayashi,  1961).  One  papain 
unit  was  dofinod  as  tho  activity  of  papain  giving  digestion  product  with 
1. 0  x  10" 3  at  E276. 

The  potency  was  expressed  as  units  of  inhibitory  activity  per  absorbency  at  280 

T  (iu/B280>' 


Inhibition  of  trypsin,  ^-ohyno trypsin  and  protoolytlo  euglobulin  me 
il so  measured  by  tho  sane  nathod* 

Purification  of  lnhibiiort 

Unless  otherwise  stated,  all  purification  steps  were  performed  at  2°  0. 
Ohron,atography  v/as  perfumed  on  column  of  Sophadox  G-50,  preparod 
according  to  Porath  rmd  Flo  din  ( 1959 )  *  and  of  DRAE-oo  llulc  bo  ,  preparod 
according  to  Paterson  and  Sob or  (1956).  Conoontration  of  effluent  fraction 
'-'as  icrfovori  t- cording  to  Flodin,  Go  lot  to  and  Porath  (i960).  Tho  first 
stop  of  the  purification  procedure  was  identical  with  tho  previous  method 
(Hryasbi  o'.  ,->l.  ! '.',58 ■  ?jf.tpubr.  J;6o  Udaka,  i960) 

Stop  1.  Extraction  and  fractionation  of  skin  aostono  powder. 

Skin  acct.no  p  -wclor  (10  g. )  wan  extracted  with  10  volunos  of  M/15 
phosphate  buffer  of  pH  6.0  for  16  hr.  and  the  suspension  centrifuged  at 
5000  r.p.n,  f'-r  15  minutes.  Tlio  supernatant  fluid  was  filtered  with  Buchner 
funnel  through  one  shoot  of  T  yp-Roshi  filter  paper  Ho.  50. 

Prom  tho  extracts  ouglobulin  fraction  was  prepared  by  addition  of 
saturated  n”rwiium  sulfate  (50  - 1.  nor  dl. )  according  to  Sanuoly  and 
Strauss  (1914). 


Stop  2.  Separation  of  annoniun  sulfate  from  ouglobulin  fraction, 

Tho  ouglobulin  fraction,  proparoA  fr->->  the  skin  extract,  was  susponded 
in  :-Vl5  nhosphato  buffer  to  give  highest  conoontration.  After  centrifuga- 
ti:  n  at  5000  r.p.n.  for  15  minutos,  tho  supernatant  was  diluted  tho  sn*o  <£),-• 
buffer  to  give  an  absorption  at  280  n^i  of  between  18  and  22  .and  planed  on 
a  Sophadox  column  (2.0  x  17  cm.)  which  had  been  previously  equilibrated  v/ith 
the  same  buffer  and  i^nio  strength  0.26.  This  equilibrated  protein  samples 
wore  washed  into  the  column  with  several  1-nl.  purti  ns  of  buffer  before 
the  continuous  flow  of  the  buff or  waB  bogun  and  slowly  filtrated.  The 
filtration  was  made  at  a  rate  of  1  drop  per  7-10  see.  and  the  effluent 
solution  was  collected  every  3  g.  by  Toyo-Ro shi's  automatic  fraction 
collector  (Model  SF-200A).  Tho  fractions  wore  analyzed  by  ultraviolet  light 
[j,“ I'p’Cr  <.■  n  ? 5 "o  iho  pci »>  Ar  '.mo  ail  up  ion  was  tested  by  Nosslor 1  s  roagont.  Tho 
oh::vr;nto graphic;  torn  of  effluent  solution  is  shown  in  Fig.  1. 


Wff.  1 


A  qualitative  analysis  for  ammonium  sulfate  lone  in  tho  first  peak 
(peak  1)  was  negative,  showing  that  tho  proteins  had  boon  frood  effectively 
from  salt.  iho  sooond  peak  (peak  2)  contains  a  low  molecular  weight 
substance  with  an  absorption  naxinun  at  262  np.  the  yield  of  material 
absorbing  in  ultraviolet  at  280  n|i  was  about  97  %  and  its  potency  was  about 
8. 

Step  3.  Chromatography  of  inhibitory  fraotion  on  DBAB-oollulo se 

The  clear  filtrate  (peak  1),  obtained  fron  the  previous  step,  was  dilutod 
with  M/15  phosphate  buffer  of  pH  6.8  to  give  an  absorption  at  280  np  of 
between  6.0  and  8.0  and  dialysed  against  the  sane  buffer  of  pH  5«9  for  3 
hours.  It  was  applied  to  a  oolunn  of  DEAB-collulose,  1.2  x  25  or.  which 
had  previously  boon  equilibrated  with  tho  sane  buffer.  Elution  was 
accomplished  by  pH  stepwoise  changes  (pH  5«9  to  9*2)  of  the  eluting  buffer 
at  ionic  strength  0.26.  Plow  rates  was  approximately  6  ml.  per  hour,  and 
tho  effluent  solutions  were  collected  every  3  g.  by  an  automatic  fraction 
collector. 


SiS  '-1 

Lb  shown  in  Pig.  2,  six  na,jor  chromatographic  components  are  obtained* 
tho  first  comprised  approximately  35  per  cent,  tho  sooond  7  per  cent,  the 
third  12  per  oont,  the  fourth  9  per  cent,  the  fifth  7  per  cent  and  the  sixth 
5  por  cent  of  tho  total  protein  recovered.  The  peak  A  contains  highly 
active  inhibitor?  and  tho  activity  inoroases  approximately  11  tines  as  ths 
original  aotivity,  about  8  IU/E^gQ.  The  yield  of  this  fraotion  fron  DBAS- 
cellulose  oluate  is  about  18  %  and  its  potency  is  about  90  TU/Eggo* 

Stop  4.  Concentration  of  inhibitor:/'  fraotion  by  Sephadex  0-25. 

To  80  ml.  of  the  fraotion  (peak  A),  obtained  fron  the  previous  step,  8 
g.  of  Sophadox  0-25  ware  added.  The  sieve  fraotion  of  this  material  was 
50-100  nosh  and  its  water  regain  was  2.4  g.  per  g.  of  dry  Sephadex. 


Tho  thic’c  aueponnion  was  stirrod  for  10  ninutes  to  obtain  oonploto  swelling 
of  tho  gel,  after  which  tho  gal  grains  wore  soparatod  from  the  ocmcontratnd 
inhibitor  solution  by  contrifugntion  at  4000  r.p.n,  for  30  ninutes.  The 
precipitates  were  thon  washod  by  spraying  a  snail  anount  of  wator.  This 
washing  procedure  was  roponted  again.  Tho  oontrifugatos  and  washes  wore 
pooled  and  subjootod  to  an  .additional  concentration  stop.  After  a  fourth 
treatnont  the  volume  w#b  roducod  to  an  extent  which  nado  further  nurifinMlon. 
During  concentration  of  tho  inhibitory  fraction,  tho  inhibitory  activity 
against  papain  was  noasured  following  tho  no  tho  d  described  abov4i> 


Experiments  prosonted  in  Tablo  I.  illustrate  that  concentrated  fraotion 
contain  usually  over  89  #  of  tho  total  potency  of  originalvao lution , 
and  that  each  potency  of  the  inhibitory  fractions  after  1,  2,  3  and  4  steng 
are  shown  ns  130,  199,  331  and  532  IU/E^qq.  These  results  demonstrate  tb^t 
inhibitory  activity  increases  approximately  6  tines  as  the  original  activity, 
about  90  IU/E^j  and  that  tho  inhibitor  is  almost  quantitatively  rocovorei 
in  the  8-fold  concentrated  solution. 

Step  5*  Crystal ization 

The  ooncentratod  inhibitory  fraction  with  an  activity  of  about  580  IU/E^gQ 
was  dialysed  against  M/15  phospha  c  buffer  of  pH  6.6  for  6  hours  and 
filtrated  through  the  0-3  glassfilter.  The  filtrate  was  allowed  to  stand 
at  2°  C  for  2  to  5  days.  Precipitation  was  oonploto  during  these  days  and 
fibrous  precipitate  obtained.  The  fibrous  prselpltatos  are  ^psn  in  Pig.  3. 

The  activity  of  the  fibrous  precipitate  was  found  at  the  range  of  1150 
and  1300  1U/*28o  •  Hepreoipitation  was  oarried  out  following  the  ears 
manner  as  the  first  precipitation!  slight  increase  in  the  activity  of  the 
prooipitate  was  obtained  after  the  roprooipitation.  Tho  extent  of  purifi¬ 
cation  and  the  yield  at  various  stops  aro  iLustratod  in  Table  II. 


iffont  of  Inhibitor  on  jwm! n.  tarurtn  and  A-ohynotrypaim 

Papain  wob  pro  payed,  as  a  1.5  £  nuaponsion  according  to  provide  tho 

nothod  (tfliakn,  Harada  and  Hnyaahi,  1961)  and  its  filtrate  uaod  aa  onzyno 

solution.  (Trypsin  was  uaod  in  a  concentration  of  10  /nl.  (Oroon  and  Work,  .?$' 

n  * 

1953).  <*  -chyno  trypsin  was  used  as  a  5  x  10  flh.U.  solution. 

To  2.0  nl.  of  each  onzyno  solution,  2.0  nl.  of  inhibitor  aolution  waa 

added,  and  the  houpgonoous  nixturo  was  allowed  to  stand  for  30  minutes  at 

roon  tonperaturo.  Tho  inhibitor  nixturo  was  uaod  for  determinations  of 

tho  protoaso  activity  following  tho  nothod  described  abovo. 

4. 

Exporinonts  prontod  in  Pig.  4  indicate  that  this  inhibitor  haB  inactivates 
papain  but  has  no  effect  on  trypsin  and  -chyno trypsin 5  those  results  are 

in  agreenont  with  >ur  previously,  observations  in  tho  use  of  partially 
purified  inhibitor  (Udaka,  Harada  and  Hayaahi ,  1961)  $  and  the  inhibitor 
is  difforent  fron  naturally  occurring  trypsin  inhibitor  of  polypeptido 
nature  (Kunitz  and  Northrop,  1936}  Sohnitz,  1938). 

Furthermore,  this  inhibitor  was  found  still  active  --hen  brought  to  100° 

C  for  5  ninutos,  80°  C  for  30  n.inutes,  or  -5°  C  for  7  days. 

Effect  of  Inhibitor  on  Fro too  lytic  Buglobulim 

Proteolytic  ouglobulin  waa  proparod  fron  inflated  skin  pt  naxinun  stage 
(24  hours)  of  Arthus  reaction  according  to  the  nothod  (Hayashi  et  al. ,  1958; 
Udaka,  i960).  The  effect  of  tho  inhibitor  on  tho  ouglobulin  protoaso  v/as 
neasurod  following  tho  nothod  described  above. 

Exporinonts  presented  in  Fig.  5  indicate  the  strong  effect  of  the 
inhibitor  in  inactivating  tho  euglohulin  protease. 

Conpariaon  of  inhibitors  newly  and  olaBaioally  isolated! 

Tho  classical  isolation  proooduro  fron^saro  souroe  was  described  in 
previous  paper  (Hsyashi  0 1  al . .  1958?  Matsuba,  i960?  Udaka,  i960).  The 
•proooduro  *n  cxtrnc-ti»n  rind  fractionation akin  acetone.  po.wdor  .wore  •  .. 
4liS%cal  with  Stop-  J  described  abovo. 


To  10  nl.  of  ouglobulin  solution,,  suspended  at  the  concentration  of 
approximately  1.5  to  1,8  por  cent  by  Hitachi's  protein  refraotonotor,  10 
nl,  of  6  par  oent  trichloroacetic  acid  was  addod,  end  tha  nixturo  allowed 
to  stand  at  37°  C.  for  40  ninutos  until  precipitate  was  oonpleto.  The  • d x 
nixturo  was  oontrifugod  at  5000  r.p.n.  for  15  '  . 

ninutes  and  filtered  through  ono  shoot  of  Toyo-Roshi  filtor  paper  No.  50. 

The  filtrate  was  heated  to  80°  C.  for  5  ninutes,  cooled  to  20°  C.,  and 
filtored.  The  second  filtrate  was  dialyzed  through  cellophane  membrane 
against  ion-exchangod  water,  with  frequent  renewals,  for  4  to  8  days  at 
2°  C.  Prooipitate  in  cellophane  sack  was  collocioa  and  dissolved  in  saline. 

During  this  procedure,  the  potency  and  the  yield  arc  corparod  with  the 
newly  isolated  inhibitor.  The  activity  of  the  inhibitor  against  papain 
was  noasured  by  the  nothod  dosoribed  above. 

Table  III 

Experiments  presontod  in  Table  III.  show  if  at  the  present  purification 
procodure  is  more  effective  than  the  classical  one.  Tne  ultraviolet 
spectrum  of  a  solution  of  this  no\/iy  ‘.t.  slat  id  tiihihih.r  chawed  the  maximum 
•absorbency  at  27 6  'ip. 


.disgussici: 

Sephadox  and  exchanger  such  as  L'Tih— . ■'llnlono  appear  to  have  extensive 
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those  results  thore  were  shown  that  the  yields  of  ouglobuiin  after  dialysis 
decrease  about  one-third  of  those  separated  by  Sepliadex  G-50  ( Table  III), 
This  indicates  that  donaturation  of  euglobulin  nay  bo  protected  effectively 
by  Sephadex  column  chromatograph.  Parthermoro,  this  method  presents  many 
advantages}  Porath  and  Flodin  (1959), have  found  that  thin  nothod  causes 


no  ooMplioations  corresponding  to  tha  clogging  of  dialysis  *o*brnnoa  nnd 
that  it  is  e  sped  ally  suited  for  changing  a  protein  solution  fro*  one  ' 
buffer  qrsten  to  mother*  Urns,  this  procedure  is  efton  necessary  prior  to 
ion  exchange  ehjronato grnphy .  Howovor,  in  this  proooduro,  tho  unavoidable 
dilution  is  naturally  a  disadvantage. 

Sephadox  was  also  very  useful  for  omoontrating  proteins  from  diluted 
solution}  tho  rooevory  was  found  more  than  89  por  oont  at  8-fold  concent¬ 
ration  (Table  I).  This  oonoorns  tho  faots  that  Sophadox  ixissos  following 
properties  t  (l)  it  swolls  rapidly  in  waters  (2)  it  is  easily  and  quant l 
tativoly  separable  fro*  tho  conoontrato:  (3)  it  ie  insoluble  and  not  con- 
ta*inato  tho  concentrates  (4)  it  does  not  adsorb  solutes  which  are  to  bo 
concentrated.  Reoently  several  investigators  have  employed  and  rocoiweewded 
this  conoontrationg  »ethod  for  other  substances  sensitive  to  evaporation  or 
freezo-diying,  suoh  as  chains  esterase,  pancreatic  lipaso,  phc.spla(*so, 
phosphodiestoraso  (Flodin,  Gelotte  nnd  Porath,  i960),  and  pepsin  (Gelotte 
and  Krantz,  1959 )• 

DEAE-cellulose  appears  valuable  in  the  purificatory  phase  in  this  study 
because  of  tho  comparatively  large  capacity  for  adsorbing  proteins  and 
sharp  separable  effects  for  elutions?  and  as  shown  in  Pig.  2,  tho  relatively 
high  puritios  of  the  inhibitory  fraction  were  obtained.  This  exchanger 
method  appears  superior  compared  to  tho  boundary  cleotrophorosis  or  the  j 
paper  electrophoresis  as  an  analytical  method  (Bain  and  Leut?  :h,  1947 r 
Forsythe  and  .•  .  '  Poster,  1950;  Long3worth,  Carman  nnd  Machines, 

1940),  particularly  for  those  constituents  which  have  isoelectric  points 
closo  to  one  anothor  or  which  are  present  in  small  quantities.  It  has  the 
advantage,  however,  of  being  time-consuming  c  -rtparod  to  the  latter  methods. 

Following  tho  nothod  desoribod  in  this  paper,  tho  specific  protease 
inhibitor  was  isolated  as  fibrous  precipitate  frn  the  healing  hr thus  skin 
site  (Pig3)»  Ibis  purifiod  inhibitor  is  non-precipitablo  with  3  per  cent 
tri  oh  loro  ace  tic  aoid,  heat-stable,  non-dialyaablo  and  insoluble  in  water 
hut  soluble  in  salt  solution,  and  it  gives  a  faint  biuret  tost  and  shows  a 
maximum  at  276  nu  in  tho  ultraviolet  spectrum. 


ThiB  inhibitor  inactivates  strongly  yapnin,  but  has  no  effect  on  trypsin 
and  &-abyno  trypsin  (Pig.  4)>  indicating  that  thie  1b  different  from 
naturally  f  aourring  trypsin  inhibitor  of  polypeptide  nature,  Purthor^ro, 
this  inhibitor  inactivates  the  pro  too  lytic  activity  of  euglobulin,  “Toparad 
fror.  tho  24~h->ur  losion  of  Arthus-type  inflammation  (Pig.  5).  Similar 
rosults  havo  also  boon  obtained  with  partially  purified  inhibitor  pronarod 
fro1-’,  tho  sana  souroo  (Udnka,  i960  ).  Thoso  rosults  indicate  that  this 
inhibitor  is  identical  tho  classioally  ,>urifiod  inhibitor  and  isolated  in 
tho  for1"  of  "era  ourified  fori  by  tho  present  procedure.  In  vivo  offocts  of 
this  yurifiod  inhibitor  will  be  described  in  a  so para to  paper. 

SUMMARY 

A  specific  protease  inhibitor  waB  isolated  fr on  tho  healing  Arthus  skin 
site  .and  highly  purified  as  fibrous  prccipitato.  This  purification  procedure 
consisted  :>f  fractionation  with  (NH^J^SO^,  chromatography  with  Saphadox  0-50 
-and  DEAE-oolluloao,  and  concentration  with  Sophadex  G-25.  This  inhibitor 
inactivates  certain  SH-protoaso  in  the  losion  of  Arthus  reaction  and  papain 
but  has  no  effect  on  trypsin  and  cl  -ohyno trypsin. 
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Fig.  1  Chromatographic  Pattern  of  Inhibitory  Euglobulln 
Fraction* 

Column  2.0  x  17  cm.  of  Sephadex  G-50  equilibrated  with 
starting  buffer.  Eluent  was  M/15  phosphate  buffer  of  pH 
6.8.  Flow  rate  was  1  drop  per  7—10  seconds.  Fractions 
were  collected  every  5  E.  Abscissa:  fraction  number  of 

eluent;  left  ordinates  - ,  absorbancy  at  E  right 

ordinates  — « — ,  inhibitory  potency,  IU/E2go,  The  shaded 
area  represents  the  fraction  used  for  further  purification. 
•  prepared  from  the  healing  Arthus  skin  site. 
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Fig*  2  Chromatographic  Pattern  of  Inhibitory  Fraction* 

C 

Column  1.2  x  25  cm,  of  DEAE-cellulose  equilibrated  with 
starting  buffer.  Eluent  was  M/15  phosphate  buffer  of 
indicated  pH.  Flow  rate  was  about  5  ml,  per  hour.  Fractions 
were  collected  every  3  E,  Abscissas  fraction  number  of 

eluent;  left  ordinates - — ,  absorbancy  at  right 

o:.<  inates  inhibitory  potency,  IU/EggQ,  The 

shaded  area  represents  the  fraction  used  for  further  puri¬ 
fication. 

*  prepared  from  Sephadex  eluate. 
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TABLE  I.*  Concentration  of  Inhibitory  Fraction  with  Sephadox  G-25 


Inhibitory 

fractions 

Concentration 

Potency 

Yield 

" 

In 

Out 

*280 

ra/%80 

ml. 

ml. 

% 

original 

Maple* 

80 

1.4 

90 

100 

1st.  step 

min  fraction 

80 

53 

2.0 

130 

97 

■ashed  sample 

3 

2.6 

0.52 

■ashed  sample 

3 

2.8 

0.08 

2nd.  step 

Mia  fraction 

55 

34 

3.1 

199 

94 

■ashed  sample 

3 

3.1 

0.98 

■ashed  sample 

3 

2.6 

0.17 

3*d.  step 

Mia  fraction 

37 

21 

4.7 

331 

93 

washed  sample 

2 

2.2 

0.J6 

■ashed  cample 

2 

1.7 

0.11 

4th.  step 

Mia  fraction 

19 

n 

7,9 

582 

89 

■ashed  sample 

2 

2.4 

0.50 

■ashed  sample 

2 

2.1 

0.44 

*  obtained  from  DEAE-- cellulose  oluto  of  inhibitory  fraction 


TABLE  II»  Extent  of  Purification  of  luglobulin  mikiM 


Fraction 

Inhibitor 

Average  Potency 

"’/‘sso 

-  Held  % 

Euglobulin 

3 

100 

(  from  Sephadex 

eluate  ) 

Inhibitory  fraction 

90 

18 

(  from  DEAE- 

cellulose  eluate  ) 

Concentrated  fraction 

582 

12 

Fibrous  precipitate 

1260 

3 

Reprecipitatc 

1310 

0.4 

Fig»  3  A  photograph  shows  the 
fibrous  precipitate  having  In¬ 
hibitory  activity  (  under  phase 
contrast  microseop,  x  800), 


c 


Fig.  k  Effect  of  Inhibitor  on  Papain,  Trypsin,  and 
et-Chymotrypsin 

Enzyme  activity  was  measured  by  the  casein  digestion  method: 

0.5  %  casein  in  M/20  phosphate  buffer,  pH  7,1,  incubation 
at  57°C  for  30  minutes,  — • — * — ;  papain  plus  inhibitor.. (O.lOsgi/al), 
— * — » — ;  trypsin  plus  inhibitor.  — * — ;  rt-chymotrypsin 
plus  inhibitor. 


4 


01*  ) 


W 
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Fig.  5  Effect  of  Inhibitor  cn  Proteolytic  Euglobulin* 
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Enzymo  activity  was  measured  by  the  casein  .digestion  mothod: 

0..5  #  casein  in  M/20  phosphate  buffer,  pH  7.1 ,  ionic  strength 
0.25,  incubation  at.  3?°C.  for  60  minutes,  — • — » — ;  proteolytic 
euglobulin (  0.97  mg.N/ml.)  plus  inhibitor  (  0.10  ag.N/ml.). 

*  proparod  from  inflamed  skin  at  the  maximum  stage  (24  hours) 
of  Arthus  reaction. 


'.(.'ABLE  III,  Comparison  of  Inhibitor'  Newly  and  Classically  Isolated 


Newly  Isolated 

Potency  Total  N 

TJ/mg.N  mg. 

102 


50  1 5 .  5 

(  c  : 


580  5.1 

(  90  ) 


5500  2.6 

(  582  ) 


1200i  O.o 

(1250  1;.'.10) 


Inhibitory  Traction  . Classically  Isolated 

Total  N  Potency 
mg.  IU/mg.N 


Extract 

from  10  g.  of  ;.'.d3 


A  cotune  °ov/der 


by  ■:  y  dialysis 

Pt  At- 


collider  •• 

eluatc 


Inhib? tory 
G.J-sub- 


Co  •; entra ted 


free  t ion 


fraction 

Fibrous  Precipitate 

precipitate 


102 


5-2  40 


8o 


0.26  8000 


Enzyme  activity  w 
in  K/2C  phosphate 
for  50  minutes, 
mg.  N  (  IU/.'.ig.i".  ) 


as  measured  by  tic  casein  digestion  method:  0.5  °/>  casein 
buffer,  pH  7.1,  ionic,  strength  0.25,  incubation  at  57  C 
Potency  is  expressed  as  units  o..:  inhibitory  activity  per 
The-  value  in  parentheses  represent  potency  (  xiJ/i289) 


as  shown  Table  II. 
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APPENDIX  "A'* 


ENDOOBNBOUS  MECHANISM  IN  VASCULAR  PERMS  ABILITY  IN  INFLAMMATION . 

1.  PERMEABILITY  FACTOR  AND  INHIBITOR  AFFECTING  INCREASED  VASCULAR 
PERMEABILITY  IN  CUTANEOUS  ARTHUS  REACTIONS  AND  THERMAL  INJURY 


i 


Tho  oapillar/  wall  is  a  barrier  freely  pormeablo  to  water  and  electrolytes 
but  only  very  slightly  permeable  to  plasma  proteins.  The  term  " increased 
vascular  pormoab:  lity"  theroforo  rofers  usually  to  an  alteration  in  the 
vascular  wall  loading  to  an  aoooloratad  rate  of  passage  of  plasma  proteins 
into  the  extravasoular  tissues.  The  phenomenon  is  undoubtedly  one  of  the 
cardinal  features  of  acute  inflammation,  i.e. .  the  looal  re&otion  of  living 
tissue  to  injury. 

The  permoability  charges  have  widely  beon  investigated  in  the  skin  of 
experimental  animals  wita  vital  dye,  like  pontamine  sky  blue,  Bvans  blue,  or 
trypan  blue,  circulating  in  their  blood  (Menkin.  1938»  Rawson.  1942-43) <t  and 
it  has  well  been  aocoptod  that  these  dyes  become  attaohod  to  circulating 
plasma  proteins,  particularly  tho  albumins,  when  given  intravenously,  and 
therefore  their  accumulation  in  the  injured  or  treated  skin  sites  indicates 
an  exudation  of  plasma  proteins. 

As  recently  reviewed  by  Wilhelm  (1962),  however,  the  evaluation  of 
experimental  results  in  suoh  tests  often  lacks  precision,  although  thero 
are  some  excellent  attempts  to  demonstrate  quantitatively  the  amount  of 
accumulated  dye  in  the  injured  or  treated  akin  sites}  for  instance,  in  terms 
of  "mean  lesion  dimeter"  (Milos  and  Wilhelm.  1955).  or  by  oomparing  the 
colour  intensity  with  a  Berios  of  comparator  oards  (Lookett  and  Jarman.  1958). 
In  the  present  study,  the  looally  accumulated  dye  (pontamine  sky  blue)  is 
estimated  quantitatively  by  our  suooessful  extraction  method,  by  whioh  the 
dye  in  the  skin  is  extraoted  ajnost  absolutely  (Wltta.  Hayashi  and  Woriwatsu 
1963). 

Previously  proposed  ondogeneous  candidates  for  the  permeability  ohangeo 
are  divided  into  two  groups  (Miles  and  Wilhelm.  196o)»  the  first  group 
includes  tho  aminos}  histamine  (Lewis.  1927)  and  5-hydroxy tryptamine  pr 
serotonin  (Rowley  and  Benditt.  1956).  and  their  liberators  (see  Paton.  1951) t 
and  the  second  group  includes  tho  proteases}  globulin  permeability  faotOr 
(Maokay.  Miles.  Schachter  and  Wilhelm.  1953).  and  kallikroin  (Prey  and  Kraut. 
1928);  and  the  products  of  proteolysis,  tho  polypeptides  like  leukotaxine, 
(Monkin,  1938),  bradykinin  (Rocha  e  Silva.  Boraldo  and  Rosenfold.  1949)  and 
kallidin  (Werlo.  Qotso  and  Kepulor.  1937). 


All  these  agents  undoubtedly  lnorease  vascular  permeability  in  low 
concentrations.  Bxoopt  histamine,  serotonin  and  loukotaxino,  however, 
there  ia  no  diroot  ovidonoo  on  tho  prosenoe  of  other  substanaes  in 
inflammatory  tissues  or  oxudatos.  I*urtberR»re,  no  oonolueive  avidenoo 
has  hithorto  been  provided  to  establish  that  any  of  histamine,  serotonin 
and  leukotaxino  is  prosont  in  inflammatory  tissues  or  exudates  in  suitable 
concentrations  at  timos  whon  permeability  is  increased  as  a  result  of 
tisauo  injury,  or  that  the  offset  of  these  agents  is  no  longer  detectable 
whon  porno ability  is  rostorod  to  normal.  These  two  criteria  are  obviously 
essential  if  a  substance  found  in  inflammatory  tissues  or  exudates  1b  to 
bo  rogardod  as  an  intermediary  in  the  production  of  altered  vascular 
permeability.  Although  the  abovo  list  shall  be  reasonably  complete  at  the 
moment,  there  is  ho  reason  to  suppose  that  other  rosponsible  substance  does 
not  remain  to  bo  discoverod. 

Tho  present  papor  doscribos  observations  indicating  that  the  permeability 
changes  in  the  cutaneous  Arthus  reactions  and  thermal  injury  appear 
diphasic j  an  imraodiato  responso,  being  mediated  by  tho  substance  susceptible 

for  antihistanino,  and  a  prolonged  dolayed  response  -  the  major 

pornoability  Awwfct  -T-tr;  hsing.4onoem*d  aJ previously  undosoribed  type  of 
permeability  factor  insusceptible  for  antihistanino.  Tho  permeability 
factor  in  tho  delayed  response  is  found  in  the  pooudoglobulin;  and  its 
inhibitor  in  tho  ouglobulin  proparod  from  tho  inflamed  skin. 


MATERIALS  AND  METHODS 


Experiment  1 

Sensitization  of  animals.  —  Male  albino  rabbits  (2.0  4" 2. 3  kg.) 
bred  in  our  laboratory  woro  usod.  On  tho  1st,  3rd,  5th,  7th  and  9tb  days, 

3  ml.  of  bovino  plasma  albumin  (25  mg./ral.  in  physiological  saline*  Armour's 
product)  was  injoctod  subcutaneously  in  tho  skin  of  tho  back  of  the  trunk 
of  tho  animals.  On  tho  30th  and  38th  daya,  tho  antibody  oontont  of  oach 
animal's  sorum  was  determined  by  prooipitin  tost  (Bayaahi.  Tokuda  and  Pdaka. 
I960).  In  tubes  3  nm.  dian.,  serial  dilutions  qf  serum  were  mixed  with 
equal  volumes  (0.1  ml.)  of  antigen,  and  results  read  after  $  hr.  at  room 
tomperaturo . 


< 

6  7 

Only  animals  with  titrea  of  2  -  2  war#  uoed. 

Induction  of  ArthitB  reactions.  — *.  Tho  flanks  of  sensitised  animals 
were  oloooly  olippod  with  an  electric  hair  dippers,  Aftqr  24  hr. 

0.1  ml.  bovine  plasma  albumin  (25  mg. /ml.  in  saline)  was  injeotod 
intrad^rmally  in  2  -  3  sites,  6  cm.  apart  on  oaoh  flank.  Tho  antigen 
inducod.  Arthur  .  reactions  which  were  almost  equally  intense  at 
all  tho  autos. 

Macro rsccpically ,  tho  inflammatory  roaotions  commonood  in  1  -  2  hr., 
j  were  maximal  in  20  -  24  hr.,  fid  then  declined  in  intensity.  The 

inflammatory  reactions  usually  disappeared  in  11  -  14  days  after  injection. 
Tho  animals  worn  unanaostho' a zed  throughout  the  oxporiments. 

Induction  of  thermal .injury .  -  Malo  albino  rabbits  (2.5  -  3.0  kg.) 

and  rats  (260  -  330  g.  )  wo to  used.  Too  flanks  of  theso  animals  were 
very  carofully  clipped  with  an  electric  hair  clippers  and  then  with 
scissors.  To  avoid  "chemical  burning",  any  paste  such  as  barium  sulphide 
was  not  usai.  < 

A  poll  shod  stool  disc,.  1.0  cm.  diar;„,  closing  ono  ond  of  a  steel  tube 
and  maintained  by  circulating  .'.’at or  at  a  stated  temperature  (£.0.25°  ), 
was  applied  to  tho  clip-pod  skin  of  rabbits  and  rats  following  the  method 
of  Wilhelm  and  Mason  (19^0).  Tho  disc  temperature  was  assumed  to  bo  that 
“»  of  tho  immediately  adjacont  water,  recorded  by  a  thermometer  insorted 

through  a  cubba-.  bung  closing  the  other  ond  of  tho  tubo.  The  apparatus 
is  essentially  a  modification  of  that  ueod  by  Sevitt  (1949).  The  maximal 

heating  appliod  to  animals  -  5^°  for  20  soo.  to  rabbits  and  54°  for  20 

soc.  to  rats  -  was  oorafortably  toleratod  in  each  case  by  animals  lightly 

hold  by  hand.  Tho  hoatod  skin  neither  blisters  nor  becomes  necrotic. 

All  the  animals  wore  unanaesthotised  throughout  tho  experiments. 

Macrosoopioally,  the  inflammatoiy  reactions  (ohiofly  consisting  of 
oedema)  commonood  in  20  -  30  nin.,  were  maximal  in  about  6-8  hr.,  and 
then  declined  in  intensity.  Tho  heating  was  applied  in  4  -  5  sites,  4  °n* 
apart  oi  each  flank,  and  induced  reactions  which  wore  equally  intense  at 


4 


all  the  sites 


< 


< 


< 
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Moasurononts  of  porraoability  of foots.  —  Babbits  woro  given  intra¬ 
venously  pontamino  sky  bluo,  60  mg, /kg.  as  a  5  per  oint  solution  in  O.425 
por  oont  saline}  rats  woro  giver,  60  ng./kg,  as  a  2.5  por  oont  solution  in 
0.6  por  oont  oalino.  Suob  animals  arc  raforrod  as  "blued*' .  Tho  intravenous 
infections  of  dyo  wore  mado  at  in  totals  varying  from  0  min.  to  48  hr. 
aftor  challenge  injection  of  antigen  or  application  of  hoated  diBO.  The 
animals  woro  oboorvod  for  tho  rapidity  of  appoaranco  of  tho  bluo  stain. 

At  30  nin.  aftor  intravenous  dyo,  tho  animals  mostly  wore  sacrificed  by 
blooding  from  tho  carotid  arteries,  because  the  bluing  at  tho  inflamed  skin 
sites  roachod  naxinal  in  30  nin.  after  intravenous  dye. 

Tho  locally  accumulatod  dyo  was  extracted  and  estimated  quantitatively 
as  follows  (Nitta,  Hayaahi  and  Itorinatsu,  1963)t  Aftor  removing  the  fat, 
tho  skin  (occasionally  including  tho  mucclo)  was  cut  into  oovoral  pieces 
with  scissors.  The  ski'.:  piocos  woro  immediately  placed  in  10-fold  volumes 
of  mixture  of  absolute  othanol  and  Dioxano  (l  :  l)  at  about  20  mm.Hg  of 
vacuum  at  room  temperature,  until  small  bubbles  from  the  skin  ceased  to 
occur;  the  course  of  this  procoduro  required  20  -  30  nin.  Aftor  removing 
the  solvents  by  centrifugation,  tho  skin  piocos  woro  placod  in  an  incubator 
of  37°.  Aftor  tho  incubation  of  20  nin.,  tho  skin  piocos  bocamo  just 
rubbery  in  consistence,  thoy  boing  nincod  very  oasily  and  finoly  with 
scissorn. 

Tho  skin  was  placed  in  10-fold  volumes  of  Dioxan  for  1  hr.  at  room 
tonporature,  with  constant  stirring.  Aftor  removing  tho  Dioxano,  the  skin 
v/as  placod  in  10-fold  volumos  of  mixture  of  chloroform  and  mothanol  (2  1  l) 
for  30  min.  at  room  tomporaturo,  with  oonstant  stirring}  and  whon  absolute 
othyl  other  at  volumos  of  tho  above  mixture  was  further  added,  tho  skin 
wan  precipitated.  Ton  min.  later,  tho  solvonts  wore  discarded  by  means  of 
centrifugation . 

To  tho  residual  skin,  2.5  ml.  of  30  per  cent  aquooue  pyrldino  was  addod, 
and  hoatod  in  a  wator  bath  of  8o°  for  30  min.  -  1  hr.  Aftor  oentrlfugfQlon’, 
the  clear  but  coloured  supernatant  fluid  was  obtainodj  tho  supernatant 
fluid  was  thon  mado  up  to  3  ml.  volume  for  convenient  speotrophotomotrio 
estimation  with  tho  aqueous  pyridino. 


If  n«o«saaiy,  tho  last  proooduro  with  tho  pyridino  was  rspaatod  until  tha 
til’ii  oolour  of  tho  akin  ooraplotoly  disappeared?  and  tho  oupematant  fluldo 

all  woro  poo  lad. 

Tha  Shinazu's  spootrophotonetor  (QR-50)  was  usad.  The  dye  in  the 
aupornatant  fluid  was  estimated  at  620  mp  in  oolla  with  1  am.  light  path, 
and  a  final  volumo  of  3  nl,  Hie  total  amount  of  dye  was  oomputed  from  tho 
total  volumo s  of  the  supernatant  fluid  and  a  standard  calibration  curve  at 
620  rap  for  graded  oonoentrations  of  dye  in  30  per  oent  aquoous  pyridino. 
Aocordirg  to  previous  study  (Nitta.  Hayashi  and  Norimatau.  1963).  the  method 
can  recover  successfully  about  90  por  eont  of  dyo  injeotod  intradormally. 

Experiment  2 

Induction  of  Arthuo  roaotiono  and  thermal  injury  in  rabbits.  — 

Tho  antigen  (0.2  ml.)  v/as  given  intradormally  in  10  sitos  in  an  area  10  x 
10  era.  of  tho  c'lippod  flanks  of  sonsitizod  rabbits*  tho  reactions  produood 
at  oach  site  woro  alnoot  oqually  intense.  The  heating  at  56°  for  20  soo. 
wa3  appliod  in  10  sitos  in  an  aroa  10  x  12  on.  of  tho  clipped  flanks  of 
normal  rabbits-  tho  application  of  hoating  induced  reactions  which  -wore 
equally  intonse  'in  all  sitos. 

Preparation  of  skin  acotone  powder.  —  Inflamed  skin  was  excised 
immediately  afto?  killing  the  oninalB.  Pat  and  raunclo  woro  removed,  the 
skin  finely  raine  d  with  scissors  and  immediately  frozen  at  -80°. 

Tho  frozen  skin  vas  cut  into  slices  about  50  ^  thick  with  a  froezing 
micro  tome  and  th~  Blioos  (30  g. )  plaood  in  l.*l*  of  cold  aootono  of  which 
the  toraporaturc  then  was  allowed  to  riso  to  2°.  Dehydration  was  continued 
with  3  changes  of  aootono  (1. 1*),  oach  bath  of  acetone  boing  hold  with  the 
skin  in  tho  order  of  30,  10  and  10  min.  period,  and  then  romoved  by  filtra¬ 
tion  with  suction.  Tho  powdorod  skin  was  then  air-driod  in  »  hood  to  remove 
residual  aootono  and  dosicated  in  vaouo  ovor  P2  O5  for  12  hr.  The  tochniquo 
was  doccribod  by  Udaka  (i960). 

Extraction  and  fractionation,  for  pomoablllty  factor.  -  All  procedures 

woro  carried  out  at  1  -  2°.  Skin  aootone  powder  was  extracted  for  4  hr. 
with  7-fold  volumes  of  M/l5  phosphate  buffor,  pH  7.4?  the  suspension 
centrifuged  at  5000  r.p.m.  for  15  rain.?  and  supernatant  fluid  filterod 

through  Toyo-Roshi  paper  No.  50* 


thtlooo  statod  in  particular,  tho  abovo  phosphato  buffer  was  usod  throughout 
tho  oxporiraonta. 

Prom  the  oxtraoto  3  preparations  containing  ouglobulln,  albumin  or 
poeudoglobulin  woro  fraationatod  with  ammonium  culphato  (Hayashi,  Hattori. 
Mltsu^  and  Takouchi.  jasx>-  Tho  protoin  fraotiono  woro  dissolvod  for  uao 
in  tho  buff or. 

Chromatography  of  extracts  and  protoin  fractions.  -  Chromatography 

was  porformod  on  a  column  of  Sophadox  0-50  (Ph&maoia's  produot,  Uppsala) 
essentially  according  to  Porath  and  Plodin  (1959).  All  procedures  woro  <p 
oarriod  out  at  1  -  2°. 

Tho  skin  oxtraets  woro  diluted  with  tho  buffer  to  givo  on  absorbency 
36  -  42  at  280  nyL  |  and  3  ml.  of  oaoh  extract  was  olutod  through  tho  column 
(2.0  x  17.0  om.)  which  had  previously  boon  oquibratod  with  tho  buffer. 

Tho  filtration  was  made  at  a  rate  of  5  drops/min.  and  fraotions  oollootod 
ovory  3.0  g.  with  tho  Toyo-Roohi  nutonatio  fraction  oollcotor  (SF-200A); 
and  effluent  fraotions  oaoh  woro  analysed  particularly  by  ultraviolet  light 
absorption  at  280  njr. 

On  tho  othor  hand,  3  preparations  containing  ouglobulln,  albumin  or 
pseudo gLobulin  wore  dissolved  in  tho  buffor  to  givo  an  absorbancy  21  -  24 
at  230  njj,  except  none  opocial  cnees;  after  oontrifugation  at  $000  r.p.m. 
for  15  nin.,  3  ml.  of  oaoh  protoin  solution  was  olutod  through  tho  column  in 
the  same  mannor. 

Protoaso  assay.  —  This  was  porfomed  according  to  Martin  and  Axotvfd 
(1957)  and  Udaka  (i960).  Ona  ml.  of  2  por  oont  oaooin  solution  and  1  ml. 
buffor  woro  nixod  and  hold  at  37°  for  5  win.  boforo  adding  1  ml.  of  protoin 
solution  and  1  ml.  of  0.15  M  aalino.  Protoolytio  activity  was  tested  at 
various  pH  conditions  (6.6  -  8.2)  with  tho  sane  ionic  strength  (0.25). 

Tho  buffor  ooncontration  was  0.05  M. 

Aftor  incubation  at  37°  for  60  nin.,  5  ml.  of  6  por  cont  trichloroacetic 
acid  was  added.  In  control  preparations  whioh  woro  not  ineubatod,  tho 
protein  solution  was  addod  aftor  tho  triohloroaootic  acid.  Tho  optical 
density  at  276  of  tho  filtrato  was  ostimatod  with  tho  Shimazu's 
spootrophotomotor  (QH-50),  using  tho  filtrates  from  tho  control  preparations 
as  blanks. 


RESULTS 


Bxporlnont  1.  Pojno  ability  ohangos  In  Inflammation 

Pomoabllity  o^an/toa  in  Arthuc  roaotiono.  *••«•  At  oonsitiRod  skin  sites 
injootod  with  0.1  nl.  antigon,  tho  pomoabllity  rosponso  ofbsiotod  of 
two  distinct  phacoci  imodiato  —  appoaring  rapid,  transient  (lasting 
loco  than  30  nin.)  and  loos  intonoo,  and  supprooood  by  local  antihistamino; 
and  dolayod  —  appoaring  noro  intonoo  and  prolongod  (ho ginning  in  1  hr., 
roaohing  its  maximum  in  4  -  5  hr.  and  disappearing  in  24  hr.),  and  unaffected 
by  local  antihistanino. 

Tho  immediate  rooponoo 

Tho  bluing  of  tho  troatod  oitoo  bogan  after  a  fow  noooondo  of  antigon 
injection.  Tho  bluo  colour  rapidly  inoroaood  in  intensity  and  ito  maximal 
intensity  wa3  found  in  5  nin.  old  locion  (Pig.  I).  In  unbluod  animals, 
there  has  not  yot  boon  obcorvod  any  naoroscopio  reaction,  except  tho  bulla 
duo  to  the  injection  itself.  Tho  rooponoo  was  oupprosood  almost  oomplotoly 
when  0.1  nl.  triprolidino  naloato  (100  ug./nl.  in  Balino,  Burroughs 
Wollcono's  product)  was  injootod  intradomally  togothor  vdth  antigon  or  5 
nin.  boforo  antigen.  TCo  suppression  of  tho  bluing  wan  obsorvod  with  saline. 

Apparently  loss  intonoo,  occasionally  nogligiblo,  bluing  was  induood 
whon  tbo  antigon  was  injootod  in  tho  non-consitizod  skin;  tho  bluing  was 
also  suppressed  conplctoly  by  looal  triprolidino;  and  in  tho  non-oonoitizod 
skin,  any  typo  of  dolayod  renponoo  was  not  obsorvod  during  48  hr.  of  obser¬ 
vation. 

Tho  interpretation  of  tho  looal  offocts  of  antihistanino,  including 
triprolidino  (Green,  1953)  is  oonowhat  oonplioatod  by  thoir  non-antihistaminic 
sido-aotions,  o.g. .  antioholinorgio  and  anaoothotio  offoots.  Triprolidino 
used  in  this  oxporimont,  hovrovor,  has  boon  shown  to  have  an  offoot  suffici¬ 
ently  spocifio  to  justify  tho  uso  in  investigating  pomoabllity  rosponso  in 
injury  (Wilholn  and  Mason.  1960)s  tho  drug  appoarod  to  bo  tho  host  oompound 
availablo  for  ouoh  work. 

Tho  dolayod  rosponso 

Tho  inunodiato  rosponso  subsided  in  about  10  nin.;  and  tho  dolayod  rosponso 
bogan  in  about  1  hr.,  roaohing  its  maximum  in  4  -  5  hr*,  and  dooling 
thoroaftor  (Pig.  I)* 


Tho  local  oodona  and  orythona,  in  unbluod  animals,  booano  viciblo  in  1  -  2 
bp,,  rapidly  increasing  in  intonclty,  and  poaching  ito  riaximun  in  20  -  24 
hr.  Accordingly,  tho  noot  important  flow  of  bluo  wao  noted  at  4  -  5  hr. 
old  lonion,  and  thoroforo  tho  vanoular  permeability  nhangor,  in  tho  Arthus 
roactionn  proooodod  tho  maximal  height  of  oodona  and  oiythona. 

The  dolayod  rosponoo  wao  olioitod  noro  intonsdly  and  rogularly  than  tho 
imnodiato  rooponoo.  Howovor,  voiy  oooaoionally ,  tho  through  botwoon  tho 
two  roeponooo  appoarod  very  shallow  or  ovon  nogligiblo  if  tho  dolayod 
rosponoo  wao  provoked  too  rapidly. 

Tho  dolayod  rooponoo  wao  nearly  unaffoctod  by  local  triprolidino  (10  jig), 
givon  togothor  with  antigon,  or  during  tho  maturation  of  tho  rooponoo, 
ropoatodly j  and  opooial  intoroot  aroso  from  suoh  an  inBusooptibility  to 
antihidtamino  of  tho  pomoability  factor  rosponoiblo  for  tho  dolayod 
rooponoo. 

Porno ability  ohangos  in  thermal  injury.  -  Tho  hoating  wao  oomfortably 

applied  to  animala  56° for  20  ooo,  to  rabbit3  and  54°  for  20  coo.  to 

rats  -  following  tho  method  of  Wilholm  and  Mason  (i960).  Tho  hoating  at 

60°  for  10  sac.  (Sovitt.  1958)  soonod  unsuitabla  for  tho  prosont  purpose 
bocauoo  r.f  too  pror.ouncod  lesion  locally  induced. 

As  oboorvod  in  Arthuo  reactions,  tho  permeability  changes  in  thermal 

injury  also  appoarod  diphasio  in  rabbits  and  rats  (Pig.  II);  innodi ato - 

loco  intense  and  only  transient  (lasting  loco  than  10  min.),  and  supprooeod 

by  lo,cal  triprolidino  (IQ  fig.);  and  dolffrod -  noro  intonso  and  prolongod 

(boginning  in  about  1  hTt  and  disappearing  in  6  -  8  hr.),  and  unaffoctod 
bjfr  local  triprolidino  (10  fig.),  givon  beforo  or  during  tho  maturation  of 
the  rooponso?  tho  ganoral  pattom  of  dolayod  rooponoo  wao  not  modified  by 
antihistanino . 

Tho  inmodiato  rooponso  in  both  spocios,  particularly  in  rats,  was 
irrogular  in  appoaranoo ,  oooaoionally  boing  nogligiblo  or  absont,  Tho  f’ .  „ 
maximal  intonoity  of  tho  dolayod  rosponoo  was  found  at  2  hr.  old  looion 
for  rabbits;  and  3  hr.  old  losion  for  rate.  Tho  oboorvationo  were  osoon- 
tially  in  accordanoo  with  thooo  of  Wilholm  and  Mason  (i960). 
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RoprodUotlon  by  skin  oxtraots  of  nornoabilitr  ohangue  In  Arthus  jraaoilonB. 

Saoh  of  tho  akin  oxtraots,  proparod  at  variouo  intervals  of  Arthuo 
reactions,  was  injootod  intradomally  in  tho  olippod  flanks  of  rabbits 
—  oxtraot  (0.1  ml.)  plua  buffer  (0.01  ml.)  in  tho  right  flank)  oxtraot 
(0.1  nl.)  plus  triprolidinc  (10  jig.  in  0.01  nl.  buffer)  in  tho  left. 

Each  aninal'a  oorun  wao  taWn  at  various  intervals  of  Arthuo  reactions; 
and  0.1  nl.  of  oach  sorun  was  givon  intradomally  in  tho  right  flank. 
Intravenous  dyo  was  adniniotrated  innodiatoly  after  intradamal  injootions, 
tho  aninals  nootly  being  killed  1  hr.  lator. 

Tho  bluing  of  tho  oxtraot-injootod  sitos  bogan  aftor  a  fow  ninutoo  of 
dye  injection,  increasing  rapidly  in  intonsity,  and  roaohing  its  maximum 
in  50  -  60  nin.  with  tho  dovolopnont  of  oodona. 

Tho  results  rooordod  in  Pig.  Ill  suggoBt  that  tho  tino-ooureo  of 
pornoabiliiy  changes  in  tho  Arthus  reactions  (soo  Pig.  l)  is  roproduood 
considerably  well  by  tho  skin  oxtraots  proparod;  and  it  bIiowb  that  tho 
oxtraction  in  roaoonablo  in  isolating  tho  pemoability  factor  affooting 
tho  dolayod  response  in  Arthus  roaotions.  Tho  pomoability  offoots  of  tigf 
tho  oxtraot  of  losion  showing  nost  intonso  delayed  rosponso  ( l.o.  4-J  hr. 
old  losion),  woro  noot  activo  but  unaffoctod  by  local  triprojidino*  in 
con' rant,  thoso  of  tho  oxtraot  of  tho  inmodiato  rosponso  boing  loss 
intoncivo  but  strongly  suppressed  by  looal  triprol $dino. 

llogativo  results  wore  obtainod  with  all  tho  sera  from  rabbits  with 

Arthus  roaotions;  this  nay  suggost  tho  absonoo  of  active  pomoability 
faotor  of  itc  too  low  concentration  in  tho  sorun. 

Dononstration  of  pomoability  factor  in  tho  skin  oxtraot.  —  The 
□kin  oxtraot,  proparod  fron  4^-  hr.  old  Arthus  losion,  was  dilutod  with 
tho  buffor  to  givo  an  aboorbtnoy  36  -  42  at  280  nu;  and  3  nl.  of  the 
oxtraot  was  olutod  through  Sophadox  oolunn.  Effluent  fraotions  oaoh 
woro  injootod  intradomally  in  tho  flanks  of  rabbits  —  fraotion  (0.1 
ml.)  plus  triprolidino  (10  jig.  in  0.01  nl.  buffor)  in  the  right;  ft 
fraction  (0.1  ml.)  plus  buffor  (0.01  ml.)  in  tho  loft. 


Intravonoua  dyo  wan  given  immodiatoly  after  tho  injootiono,  tho  animals 
mostly  boing  killod  1  hr.  lator. 

Tho  rooulto  rooordod  in  Fig.  IV  indloato  that  tho  pornoability  faotor 
of  tho  dolayad  rooponoo  irs  contained  only  in  tho  offluont  fractions  of 
tho  first  group  showing  a  dofinito  i.*  sorption  at  280  rnji,  Suoh  a 
opootrophotonotric  assay  at  280  mji  pronisod  a  useful  convonionco  in 
olucidating  tho  loeatim  of  pornoability  factor.  Tho  bluing  at  tho  treated 
olein  sitos,  as  obsorvol  with  tho  original  oxtracts,  bogan  after  a  fe’> 
nir.utos  of  dyo  injection,  inorcaning  rapidly  in  intensity,  and  roawhir.g  its 
maximum  in  50  -  60  ni».  with  tho  dovolopnunt  of  nild  oodona.  Tho 
pom  lability  offooto  f  each  fraction  wore  not  affootod  by  local  triproli- 
dino. 

Domnstration  of  lornoability  factor  in  psoudoglobulin. - 

preparations  containing  cuglobulin,  psoudoglobulin  or  albumin,  proparod 
from  tho  extracts  f  4-J  hr.  oJa  Arthus  losion,  were  respectively  diluted 
v.d  »h  tho  buffer  -•  give  an  absorbfhcy  21  -  24  at  280  np,  oxcopt  opocial 
cares;  3  ml.  of  •  ach  protoin  solution  was  olutod  through  f.ophadox  column. 

Tlach  0.1  nl.  of  ef  fluent  fractions  showing  positive  absorption  at  280 
nyi  was  intrado? rally  injected  in  tho  clipped  skin.  Intravenous  dye  was 
given  immediate '.y  after  tho  injections}  tho  aninalo  mostly  boing  killod  1 
hr.  later. 

The  result-  recorded  in  Fig.  V  indicate  that  tb„  pornoability  faotor 
of  the  origin  il  extracts  is  predominantly  concontratod  in  the  pseudo globulin^ 
and  tho  portability  offoot  of  effluent  fractions  boing  intensive  in 
parallol  wiih  tho  absorb|noy  at  280  nfi.  Tho  most  aotivo  fraction  was 
fraction  If-..  8.  Tho  bluing  at  tho  sitoc  injoctod  with  tho  aotivo  fractions, 
began  after  a  few  minuter;  of  dyo  injootion,  and  roaohod  its  maximum  in  45  - 
60  min.  veth  tho  dovolopnont  of  oedona. 

Tho  porno ability  offoot  of  tho  albunin  wao  apparently  loon  aotivo,  that 
of  tho  ' uglobulin  boing  most  nili. 

Pror.rtios  of  pornoability  faotor  of  pooudo globulin,  —  Tho  following 
ansayr;  all  wore  porfomod  on  tho  abovo  fraction  Ifo.8  which  is  nanod  PF- 
fraotir-n.  All  tho  materials  woro  given  intradorially  in  tho  flanks  of 
rabbits. 


Intravenous  dye  was  administrated  irmodiately  after  the  indentions,  the 
animals  mostly  being  killed  1  hr.  lator. 

(&)  Iffsq.t.  of  trl?yo Udine.  —  PF-fraotion  (0.1  nl.)  plus  buffer  (0.01 
nl.)  in  the  right)  the  fraction  (0.1  nl.)  plus  10  pg.  triprolidino  in  tho 
left. 

No  suppression  of  perno ability  affect  of  PF-fraotion  was  found  ?dth 
local  triprolidine  (Table  I). 

(b)  Bffeot  of  heating.  —  FF-fraotior  was  heated  in  a  water  bath  of  60° 
for  30  nin.,  75°  f^r  30  nin.,  or  100°  for  5  riin.j  after  oontrifUgation  at 
5000  r.p.n.  for  15  nin.,  supernatant  fVids  oaoh  being  tested  —  original 
PF-fraotion  (0.1  nl.)  in  the  right  flank)  heated  fraotion  (0.1  nl. )  in  tho 
loft. 

Tho  porno ability  factor  of  PF-fraotion  Beened  thornolabile j  its  activity 
was  almost  completely  lost  by  heating  to  60°  for  30  nin.  and  conoleto  loss 
of  activity  was  obtained  by  heating  to  75°  f^>r  30  nin.,  or  100°  for  5  nin. 
(Tablo  I  and  Fig.  VI). 

(c.)  Bffeot  of  dialysis.  -  PF-fraotion  was  dialysed  through  a  oellophane 

r.aribrano  (Visking's  scanloss  cellulose  tube)  against  the  buffer  at  1-2°  for 
24  hro  •—  ronaining  fluid  (0.1  nl.)  in  the  right  flankj  original  fraction 
(0.1  nl.)  hold  at  1-2°  for  24  hrp^  in  tho  left.  During  the  dialysis,  thoro 
was  not  obsorvod  any  precipitate. 

The  pomeability  factor  of  PF-fraotion  seenod  non-diffusible)  no  offoot 
of  dialysis  was  found  for  the  permeability  factor  (Tablo  I). 

(d)  Bffeot  of  soy  bo an  tnrpBin  inhibitor  (SBTI).  —  PF-fr action  was 
nixed  with  various  oonoentrations  of  highly  purified  SBTI  (15,  20,  50  and 
60  jig./nl,  in  saline)  Novo's  produot,  Norway)  in  a  ratio  of  1  and  It  the 
nixtures  eaoh  being  held  for  30-50  nin.  at  roon  tenporature  —  nixturo 
(0.1  nl.)  in  the  right  flank)  PF-saline  nixture  (0.1  nl. )  in  tho  left. 

This  was  performed  essentially  according  to  Milos  and  Wilhelm  (i960). 

No  suppression  of  pornoability  offset  of  PF-fraotion  was  found  with 
various  concentrations  of  looal  SBTI  (Table  I  and  Fig.  VI). 

(0)  Bffeot  of  di-iso-proavl  fluorophosohonate  (DFP).  — -  PF-fraotion  was 
nixed  with  10”^,  10~^,  or  10“^  M  DFP  (diluted  with  saline)  in  s  ratio  of 
1  and  1)  tho  mixtures  oaoh  being  held  for  1,  2  or  4  hr.  at  room  tenporature 
—  nixture  (0.1  nl.)  in  the  right  flank)  PF-saline  nixturo  (0,1  nl.)  in 
the  left.  This  was  also  perfomed  essentially  aooording  to  Miles  and  Wilhelm 
(I960). 


ft*  wwlto  atom  in  Table  X  and  fig.  VI  indicate  that  DfP  ha*  m  affeet 
on  th*  gsrns Ability  fnotor  of  FF-fr  action. 

(£)  iff  oat  an  oa*oln  dlgsstlon.  —  On*  nl.  of  2  per  oont  oa**ln  notation 
and  1  nl.  buffer  were  nixed  and  held  at  37°  for  3  nin.  before  adding  1  nl* 
of  FV-fraotlon  and  1  nl.  of  0.15  H  aallno.  fta  roaotion  mixtures  were  mtin- 
tainad  at  pH  7.1,  buffer  oonoentration  of  0.05  H,  and  lonie  atrangth  0.25. 

at  37°  for  60  nin.,  5  nl.  of  6  per  oent  triohloroacetio 
aoid  was  added.  The  optical  density  at  276  rau  of  the  filtrate  mi  estlnate 
with  the  Shinasu'a  s  poo tro photon? ter.  , 

As  shown  in  Table  X,  no  aaaolndlytlc^aeilvlty^deteoted  with  FF-fraotio* 
insplto  of  it*  high  pexnoability  effaot.  CKioh  negative  result*  with  the  PF- 
fraction  were  in  aooordanoe  of  our  previous  observations  that  the  lcoal 
pro  too  lytic  (oaselnolytio  and  fibrinolytic)  activity  in  Arthue  ro  actions  yas 
found  only  in  th*  euglobulin  prepared  but  not  in  the  pseudoglobulln  and 
albunin  fractions  f  *936.  1958 1  Haaraahi  et  al..  1958;  Pdeka.  I960 

1962). 

{&)  lff*ot  on  extrarascular  nitration  of  lauoocrtlo  oelle.  —  »- 
fraction  (0.1-0. 2  nl.)  injected  intrademally  in  the  right  flank*  leukotaxlne 
( 0.1-0. 2  nl. )  5  ng./nl.  in  buffer;  see  below)  in  the  left.  45-90  nin.. 

the  skin  sitae  were  excised  and  fixed  in  10  per  oent  neutral  fomalln  for 
nioroBoopio  exanination  of  sections. 

Xh  contrast  to  the  striking  effect  of  leukotaxlne  on  extranraseular 
migration  of  polynorphonuolear  leucocytes  ^'lilni  FF-ftestlon 

showed  no  each  an  effect  (Fig.  VII).  However,  0.1  nl.  of  th*  HMliati* 
can  Induce  the  perns  ability  ohangea  no  re  intensive  than  the  aerie  tretane  of 
leukotaxlne  can  (Table  XXX). 

(^)  Iff  set  on  oon  traction  of  enpoth  nueol*.  —  Following  the  usual  uej 
the  preparations  of  guinsa-pig  ileun  ware  suspended  in  Tyrod*  solution  in  w 
20  nl.  bath  and  kept  at  37°.  Various  volume  (0.1,  0,5  or  1.0  nl.)  of  FF- 
fraotion  were  added  to  the  bath;  0.1  nl.  of  bredytdnia  (0.5  jig.  Ail.  t  see 
Table  XXX)  was  tested  as  th*  control. 

Ho  contraction  of  the  ileun  was  observed  with  any  volune  of  PF-fraotionr 
in  oontrast,  distinct  contraction  observed  with  0.1  nl.  of  bradjrkinin 
solution.  However,  0.1  si.  of  the  FF-fraotion  was  nor*  aotive  than  the  sane 
volune  of  tire  bradyklnin  solution  in  inducing  increased  vascular  pemesbiliy. 


Comparison  of  POKmbllitr  offooto  of  PF-fraotlono  loolaiod  at  v*n<mn 
intervals  of  Arth^o  roaotipno.  —  pamoabUity  "'ffontB  of  PF-frnotions, 
isolated  from  various  intervals  of  Arthus  loplons,  JO  nin,,  4fc  and  12  hr, 
old,  wore  compared1  tho  toot  wan  performed  on  tho  almost  na^c  concentration 
(absorbancy  10,0  -  11,0  at  280  n|»)  of  PF-fraotions;  0,J.  ml,  qf  each 
fraction  injected  intradornally  jLn  tho  flanks  of  rabbits,  Jntravonous  dye 
wan  given  inmodi atoly  aftor  tho  injections;  tho  animals  noctly  being 
killed  1  hr.  lator. 

Tho  results  recorded  in  Tablo  II  indicate  that  tho  porroahility  offsets 
of  PF-fraotions  clearly  run  parallel  to  tho  tino-oourco  of  permeability 
changes  in  Arthus  roactionc  (q»1.  Fig.  I).  The  observationo  ray  give  a 
reasonable  support  to  regard  the  permeability  factor  an  an  intat^ediary 
or  ono  of  tho  intermediaries  for  the  delayed  ronponno  in  Arthuo  roaotionB. 

Demonstration  of  anti-pornoability  factor  in  euglobulin.—  As  shown 
in  Fig.  I,  permeability  changes  in  Arthur,  reactions  become  apparently  loon 
intense  in  12  hr.  old  lesion,  suggesting  tho  looal  appoarnnoo  of  anti¬ 
factor  or  destruction  of  tho  permeability  f»cto|r*  Throe  preparations 
containing  euglobulin,  psouduglobulin  or  albumin,  prepared  from  12  hr.  old 
Arthuo  lesion,  wore  diluted  with  buffer  to  give  on  absorbancy  15-20  at 
280  mji;  10  ml.  of  oach  protein  solution  was  olutod  through  Sophadox 
colunnt  PF-fraotion  was  mixed  with  effluent  fractions,  nogativo  v.lth 
Nosslor'o,  in  a  ratio  of  1  and  1;  and  before  injootiono  oach  mixture  was 

hold  for  30  nin.  -it  room  temperature  . - Mixture  (0.1  ml.)  in  tho  right 

flank;  PF-buffor  fixture  (0.1  ml.)  in  tho  left.  Intravenous  dye  was  given 
immediately  after  the  injootionE,  tho  animals  nostly  being  killod  1  hr. 
lator. 

Tho  results  "oeordod  in  Fig.  VIII  indicate  that  tho  anti-factor  for  tho 
norm-ability  factor  of  PF-fraotion  is  predominantly  concontratod  in  tho 
euglobulin;  and  the  effect  is  found  locatod  in  certain  offluont  fractions, 
particularly  in  fraction  No. 15,  showing  a  lower  absorbancy  at  280  np. 

This  fraction  ic  called  anti -PF-fraotion. 

Fffoot  of  an  - i-faotor  of  euglobulin  on  various  nomoabilitv  fwotcrc, - 

affect  of  tho  above  anti-PF-fraetion  .was  tostod  on  tho  following  ■  .r 
bility  factors; 


Leukotaxino.  — —  This  eubstanbo  (ll-aootio  fraotion)  was  isolatod  by  the 
nethod  of  Monkln  (i960)  fron  oall-froo  oxudato  of  turpontine-induood 
pleuritis  if  dogaj  the  anorphous  powder  was  suspended  in  buffer  in  a  con¬ 
centration  of  5  ng./nl.  and  oontrifugod. 

Bradykinin.  —  Synthetic  bradykinin  (Sandoa's  produot,  Basle)  was  dissolved 
in  buffer  in  a  concentration  of  1.0  jig./nl. 

Kallidin. - Pure  k All id  in  was  dissolved  in  buffer  in  a  concentration  of 

2.0  unit/nl. 

Olobulin  per ia ability  faotor. - Highly  purified  faotor  of  rabbit's  sorun 

was  dissolved  in  buffor  in  a  concentration  of  3  ng./nl» 

Kallikrein.  -  Kallikroin  (Bayer's  product,  Leverkusen)  was  dissolved  in 

buffor  in  a  oonoontration  of  0.1  unit/nl. 

The  above  listed  solutions,  and  PP-fraotions  of  Arthus  lesion  and  thorttal 
injury  ( see  below)  eaoh  were  mixed  with  the  anti-PF-fraotion  in  a  ratio  of 
1  and  1.  Aftor  standing  for  30  nin.  at  roon  tonporature,  eaoh  nixturo 
(0.1  ml.)  was  injected  intrader’ally  in  the  right  flank)  PP-buffer  nixture 
(0.1  ml.)  in  the  left.  Intravenous  dyo  was  adninistratod  immediately  after 
the  injections,  the  nninals  neatly  being  killed  1-2  hr.  later. 

Tho  results  reoordod  in  Table  III  indicate  that  the  anti-fnntor  of 
ouglobulin  can  suppress  considerably  tho  effects  of  Arthus-  and  thermal 
pen6 ability  factors^  but  has  no  effeot  on  leukotaxine,  bradykinin, 
kallidin,  globulin  portability  factor  and  kallikrein)  these  observations 
suggest  that  the  inflannatoiy  PF  found  in  this  exporinont  nay  be  different 
fron  various  candidates  as  listed  above. 

Further io re,  the  anti-faotor  was  found  still  aotive  when  brought  to  60° 
for  30  nin.,  or  75°  for  15  rain. 

Previous  oxperinents  in  this  laboratory  showed  that  tho  activity  of 
certain  skin  SH-pro tease  increased  in  parallsl  with  the  developnont  of 
Arthus  roaotions)  and  that  inactivation  of  the  proteaso  by  the  polypeptide 
inhibitor  nay  be  oorrelated  with  the  subsequent  and  gradual  cessation  of  the 
reactions  (Havas hi.  1955.  1956l  Bayaahl  et  al.,  1958)  Udaka.  I960.  1962) 

Mat cub a.  1960i  I to.  I960).  5he  protease  and  anti -pr' tease  eaoh  were  released 
by  tissue  phagocytes  during  antigen-antibody  reaction,  the  enayne  being 
released  before  its  inhibitor  (Havashi.  Tnkufla  and  Udaka-  I960.  Tofaida- 
HaraiM  and  Matsuba.  i960). 


Both  substanooa  woro  rooovarod  la  ouglobulin  fractions,  Metro  rooontly,  tho 
anti-protoasc  was  highly  purifiod  by  noana  of  ooluna  ohrona to graph  (Bayaahl. 
1962t  Udaka.itpono  and  Bay  vBbiL  J96.Z) . 

Tho  purifiod  anti-protoaso  was  dissolved  in  bttffor  at  various  oonoont- 
rations  (0.4  -  0,8  mg.N/ml.)  oapablo  of  inactivating  high  activity  of  tho 
SH-protoaso.  PF-fraotion  from  Arthus-  and  thianal  loalon  was  mixod  with 
tho  anti-protoaso  in  a  ratio  of  1  and  1,  and  tho  nixturos  oaoh  woro  hold 
for  30  riin.  at  room  tonporaturo  - — nixturo  (c.l  nl.)  in  tho  right  flftikj 
FF-salino  nixturo  (0.1  nl.)  in  tho  loft. 

As  shown  in  Tablo  III,  tho  anti-pro to aeo  has  no  offoot  on  tho 
porno  ability  factors  of  Arthus-  and  thomal  loeionj  tho  obsorvations 
indicate  that  the  anti-PF  of  ouglobulin  is  difforont  from  tho  anti  *|^j)Loaso 
ninilarly  contained  in  tho  ouglobulin.  In  turn,  it  is  ovidont  that  our 
inflammatory  PF  ie  distinct  from  tho  skin  SH-protoaso. 

Endogenous  factor  affooting  dolmrod  ro sponso  in  thornal  injury.  — 

Tho  sarno  type  of  oxporinont  was  carried  out  on  various  sanplos  from 
thornal  injury  in  rabbits.  As  show  in  Figv  IX,  the  pornoability  faotor 
affooting  tho  nost  intense  dolayod  rosponso,  i.o. .  'i  hr.  old  lesion,  was 
predominantly  concentrated  in  tho  pseudo globulin ;  and  its  offoot  of 
offluont  fractions  being  in  gonoral  nost  aotlvo  in  fraotion  No. 8,  showing 
a  highost  absorption  at  280- npu 

Proportios  of  tho  pomoability  faotor  woro  assayod  following  tho  samo 
nannor  as  noted  ahovo;  and  it  was  olarifiod  that  this  factor  was  indistin¬ 
guishable  at  tho  nomont  from  that  of  Arthus  roaotions,  bsoMM*®  it  also 
was  thomolabilo,  non-diffusihlo  and  insusooptiblo  to  triprolidino,  SBTI, 

DFP  and  our  anti-protoaso.  This  faotor  had  no  offoot  on  stimulation  of 
smooth  nusolo  of  iloum  of  guinoa-pigs  or  oxtravasoular  migration  of  louoocytos. 

Following  tho  samo  mothod  sub  dosoribod  abovo,  tho  anti-suhstanno  for  the 
pomoability  faotor  was  found  in  tha  ouglobulin  proparod  fron  tho  8  hr.  • 
old  losion.  This  anti-faotor  was  also  olutod  into  tho  fraction  No.  15 
(Tablo  III). 


DISCUSSION 


$  In  tho  prosont  oxporincnt,  loakago  of  circulating  dyo  (pont&nino  sky 
bluo)  into  tho  inflanad  skin  sitos  was  shown  quantitatively  by  tho  amounts 
of  dyo  oxtraotod  from  tho  sitos  following  our  nothod  (Nitta,  Hsyashi  and 
Norinatsu,  1963).  Application  of  such  successful  technique  in  tho  tost  of 
‘incroasod  vascular  yorncability  promised  a  precise  evaluation  of  experimental 
results. 

In  two  distinct  typos  of  inflannatinr, ,  ,  Arthus  reactions  ar.d  thorral 

injury,  the  permeability  changes  consisted  of  tv*>  different  phases - 

immediate  and  delayed.  Although  there  was  s^ail  variation  in  tho  pattom 

and  duration  according  to  the  nature  of  injury,  tho  delayed  response  - 

tho  major  pomoabiliv  event - was  oovontially  a  characteristic  feature, 

common  to  such  experimental  injuries.  In  contrast,  tho  immediate  response 
was  the  minor  permeability  event,  it  being  <<nly  transient.  Similar  obser¬ 
vations  on  permeability  chanres  in  inflammation  have  boon  reported'  for 
example,  thermal  injury  (Sevitt,  1958?  ’7i. iho  ■  ai~.d  Mason.  I960;  Spootor 
and  Willoughby.  1959;  Allison  and  Lanoaste:-,  1959);  baot-.c.-ial  infections 
(Burk  and  Milos.  1958;  Tetri  ot  al. ,  l?52"  Miles  and  Wilhelm,  unpublished; 
Sldor  and  Milos.  1957:  Mao  Ski  nnc  and  Knight,  1941);  ultrasonic  injury 
(Burk;  see  Wilhelm.  1962);  traumatic  and  chemical  injury  (see  7/ilholn, 

A262)- 

It  soons  very  pr^bablo  that  tho  immediate  rosponso  is  nodiatod  by  tho 
substance  susceptible  to  local  triprolidino,  possibly  histamine.  Tho 
conclusion  was  also  drawn  from  tho  observations  of  Wilholm  and  Mason  (i960) 
in  thermal  injury.  Special  intorost  thoroforo  arises  froip.  tho  insuscepti¬ 
bility  of  tho  dolayed  response  to  local  triprolidine.  No  satisfactory 
mediators  for  tho  delayed  rosponso  have  boon  obtained  in  any  typo  of  tissue 
injurioo. 

Tho  pomoability  faotor  was  isolated  from  tho  Arthus  lonion  showing 
delayed  rosponso,  l.o..  and  12  hr.  old.  This  inflammatory  PF  in 
predominantly  oonoontratod  in  tho  psoudoglebulin;  and  its  effect  of  effluent 
fractions  (through  Sophadox  oolurrn)  of  tho  psoudoglebulin  being  active  in 
parallel  with  tho  absorbency  at  280  np. 


At  tho  nonont  this  P7  appears  to  bo  of  protein  naturo  but  different  fror.  ^ 
the  protoaaoa  (globulin  pome  ability  faotor  and  kallikroin)  and  the 
polypeptides  (leukotsxins,  bradykinln  and  kallidin)  —  it  near  be 
distinguishable  fron  tho  so  polypeptides  by  its  thorno  lability,  non-diffssi- 
bllity  and  inability  to  stinulato  enooth  nusolo  or  to  induce  an  aneunulatlon 
of  lnuoooytos  in  tho  injoetod  akin  sitosj  it  reeombloa  globulin  permoabillty 
faotor  and  kallikroin  rathor  than  the  polypeptides  but  it  la  oleaely 
inausooptiblo  to  SBTI  and  DTP  vfcioh  can  inaotivato  tho  effeots  of  globulin 
pemoability  faotor  and  kallikroin.  lfco  proteaaoa  and  our  inflamatory  PF 
have  no  oasoinolytio  activity.  This  PF  is  diatinot  fron  histanino  by  ita 
insusceptibility  to  triprolidino. 

fforo  roasonablo  avidonoo  wan  obtained  by  tho  uso  of  our  anti-PF  of  the 
ouglobulin,  iaolatod  fron  Arthus  loaion  12  hr.  old?  thia  eubetanoo  oan 
supprose  the  offeots  of  tho  PF  but  has  no  of foot  on  tho  po lypoptidos  and 
protoasos.  Sinoo  this  anti-PF  ia  still  aotivo  when  bought  to  60°  for  30 
nin.,  or  75°  for  15  nin,  it  nay  bo  distinguishable  fron  tho  inflarmatory 
SH-protoaso  (Havashi.  195 6»  Hayaahi^l*  al.,  195d|  Pdaka.  I960,  196?)  Those 
activity  isiilost  alnost  oonplotoly  by  hosting  to  60°  for  10  nin.  The  anti- 
PF  is  also  distinct  frcn  our  anti-protease?*  booaJfcsti  the  latter  polypeptide 
has  no  offoot  on  the  PF. 

Tho  delayed  response  in  Arthus  reactions  seena  explicable  in  terns  of 
our  inflammatory  rF,  sir.oe  the  effoot  of  tho  PP  was  more  aotive  at  times 
when  pemoability  ohangot;  was  inoreased?  its  effoot  beooning  Iobs  aotive  as 
pemoability  ohanges  subsided.  This  oriteria  seems  essential  if  this 
substance  with  high®**  pomoability  affeot  is  to  bo  regarded  as  an  inter¬ 
mediary  in  the  vasoular  phenomenon.  Tho  question  whether  the  balanoe 
between  tho  inflammatory  ?F  and  ita  inhibitor  determines  the  intensity, 

extent  and  duration  of  the  delayed  response  -  the  major  event  in  the 

vasoular  phenomenon  -  in  Arthus  reactions,  waits  further  study.  Farther 

purification  of  both  substanoec  io  now  in  good  progrennj  the  results  will 
bo  denoribod  in  a  separate  paper. 


Recent  tionuo  culture  experiments  showed  that  tissuo  phagocytes,  l.a, . 
ti  a sue-monc oy to a  and  fibroblanto,  submitted  to  tho  antigon-antibody  reaction, 
releasod  two  distinct  permeability  factors  —  the  one  sunooptiblo  to  tripro- 
lidine;  the  other  insusceptible  to  trlprolidino,  being  released  lator.  The 
latter  PF'  closely  rosonbled  tho  inflannatory  PF,  becauso  it  was  insusceptible 
to  SBTI  and  LFP  but  effected  by  oUr  anti-PF  of  ouglobulin  (Hr.yashi .  1962; 
Kinuv/aki  and  Takaba.  unpublished).  Negative  results  v.dtb  tho  an ti-pro tease 
indicate  that  this  cellular  PF  is  distinct  fron  the  protease  (SH-dependant) , 
released  fron  the  colls  during  the  antigen-antibody  reaction 
Tokuda  and  Udaka,  19^0;  Tokuda,  1959)*  Basic  morphological  changes  ocourihg 
tho  antigen-antibody  reaction  have  widely  boon  studied  in  the  above  cultured 
cells  (Hayashi  and  One,  1953,  1955;  H-yashi,  One  and  MatsunotOi  1955*  One, 
1958;  Kuzo,  19c0;  Takaba,  unpublished). 

At  tho  moment  wo  suppo so  that  permeability  changes  in  tho  del^pi((t.  response 
of  Arthus  reactions  nry  bo  associated  with  the  cellular  PF,  released  during 
tho  antigen-antibody  reaction,  in  part,  since  each  serum  from  rabbits  boaring 
Arthus  reactions  showed  no  permeability  effect.  Howovor,  this  not  always 
deny  the  role  of  the  lorun  proteases  (globulin  permeability  factor  and 
kaliikroin)  or  polype  Hides  (bradykinin  and  kallidin)  in  tho  vat§mlar  pheno¬ 
menon-  There  arc  man.’’  reviews  r/oneoming  tho  biological  significance  of 
globulin  permeability  factor  (ipfcafc-aiftd  Wilhelm,  I960;  Miles,  1959<  Wilhelm, 
1962^  Speotor.  1958)  kaliikroin  (Worle.  I960;  Foroll,  I960),  bradykinin 
(Rocha  e  Silva.  I960;  Slliott.  1961i  Lewis.  I960;  Schaohter.  I960)  and 
kallidin  (Worle,  I960;  Lewis.  I960).  Concerning  the  essential  role  of  our 
inflammatory  PF,  wo  must  wait  further  ro suits. 

Similar  inflannatoiy  PF  and  its  anti-PF  are  isolated  from  thomal  injuiyi 
they  are  at  the  moment  indistinguishable  from  tho  PF  and  its  anti-PF  of 
Arthus  reactions.  However,  tho  considerable  difference  in  the  effects  of 
both  anti-PFs  seems  open  the  way  to  verify  the  essential  difference  in  both 
PFs.  It  seems  convinced  that  inflammation  probably  has  many  mediators 
including  permeability  factors,  that  diffor  according  to  the  nature  of  the 
injury. 


SUMMARY 


The  tino-courso  rand,  mediation  of  increased  vascular  yorro ability  in 
Arthus  ro actions  end  thermal  injury  wore  investigated  In  tha  skin  of 
un anaesthetized  rabbits  and  rats  with  pontsnino  sky  blue  circulating  in 
their  blood.  Tho  locally  accumulated  dye  was  quantitatively  estimated  by  1 
our  extraction  no tho d. 

1.  The  general  pattern  ..f  vascular  response  is  di:>haeio  in  these 
species  and  injuries  —  ir.vu  liato  and  delayed.  Tho  temporary  imodiato 
rasponso  is  mediated  by  a  sub  stance  suscoptiblo  to  antihistanino  (triproli- 
dino),  ±2.0.,  icssibly  hietanino.  Tho  prolonged  delayed  response  — -  the 
major  event  in  vascular  por^to ability  — —  is  possibly  radiated  by  a 

nrovif'uely  mdoc  -ribod  substance,  insusceptible  to  triprolidinef  **’W. 
this  factor  is  concentrated  predominantly  in  tho  pseudo globulin  fraction, 
isolated  from  Arthur-  and  thermal  lotion  eliciting  the  dolayed  response. 

2.  This  inflannat-  ry  FF,  possibly  'iwtein  in  naturo,  i3  therwolabilo, 
non-diffusiblo,  insusceptible  to  antihistamine,  soy  bean  trypsin  inhibitor 
and  di-iso-pr.  pyl  plv  ephof luoridato ,  ana  fails  to  stimulate  smooth  musolo, 
or  t.::  induce  nr.  .  ;:tra -oscular  migration  of  leucocytes,  and  has  no  caseino ly¬ 
tic  action.  Tho  PP  toons  different  fro  a  the  proteasos  (globulin  pormoa- 
bility  factor,  kallikroin  and  skin  SH-pi.-teaso)  and  polypeptides 

( lou^»ta.xir.o,  bradykia'n  and  kallidin).  .’  t  tho  moment  both  PPs  are  indi#^ 
tinguishabio. 

3.  Tho  effect  of  tho  inflammatory  PP  is  active  in  parallel  with  the 
tino~oc ursa  of  pormeabilnty  changes  in  tho  injury,  suggesting  tho  possible 
role  of  this  PP  as  an  intermediary  for  tho  delnyod  response. 

4.  The  anti-factor  is  found  predominantly  in  the  euglobulin  fraction, 
isolated  fron  Arthus-  and  thermal  lesion  with  dooreaeod  vascular  response* 
it  can  suppress  tho  offoots  of  both  inflawrv-.trixy  PPs  but  has  no  effects  Of 
the  above  protoasos  and  polypeptides.  This  anti-factor  is  different  fron 
the  anti-pro  tease  of  polypeptide  nature,  similarly  fvntainod  in  tho 
euglobulin  fraction.  The  activity  of  nnti-f'mton  Js  still  remained 
unchanged  after  heating  at  60°  for  JO  'An.,  or  ?fD  for  15  min. 
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PiS.  6  In  vivo  Effoeta  of  Heating,  SBTI  and  DPP  on  the  Inflammatory 
Parmoability  Factor  of  Pseudoglobulin 


I-a, 

PF 

+ 

2.5  MS.  SBTI 

I-b, 

PF 

+ 

2.0  Mg.  SBTI 

1-c, 

PF 

♦ 

saline 

Il-a, 

PI' 

+ 

10  M^DFP 

Il-b, 

PF 

♦ 

10  I>f 3  DFP 

II-c, 

PF 

♦ 

saline 

Ill-a, 

PF 

heated  at  75°C, 

Ill-b, 

PF 

heated  at  100°C, 

III-c, 

nonheated  PF 

Note  no  inhibitory  effects  of 
SBTI  and  DFP.  Complete  loss  of 
PF  activity  is  shown  by  heating, 
75°C,  20  min.*,  100°C,  5  min. 


Fig,  7  The  skin  site  at  ij.  hrs. 
after  intradermal  injoc.ti.on  of 
inflammatory  PF  (0.1  ml.).  No 
extra.vascular  migration  of  leuco¬ 
cytes.  However,  there  is  seen  con¬ 
siderably  marked  oedema.  H.  and  E. 
x  150 


TABLE  I,  Properties  of  Our  Inflammatory  Permeability  Factor 


TABLE  II,  Comparison  of  Permeability  Effect  of  Inflammatory  PF 
Isolated  at  Various  Intervals  of  Arthus  Reactions 


PF  samples 

O.D.  of  samples* 

Extravascular  dye 

30  min.  Arthus 

10.2 

8.1  ug. 

hi  hr.  Arthus 

10.5 

24.3  ug. 

12  hr.  Arthus 

11.0 

10.3  ug. 

*  O.D. ,  Optical  density  at  280  mu. 

TABLE  III,  Effects  of  Our  Anti-PF  and  Anti-protoasc  on  Various 
Permeability  Factors 


Extravascular 

Arthus 

Thermal 

Test  materials 

Concentration 

dye  (  pg.) 

Anti-PF 

Anti-PF 

Anti-protec 

Inhibition 

% 

Leukotaxine 

2.5  mg, /ml. 

12.6 

0 

nt 

nt 

Bradykinin 

0.5  ug./ml. 

11.2 

0 

nt 

nt 

Kallidin 

2  unit/ml. 

21.1 

0 

nt 

nt 

Globulin  PF 

1.5  mg. /ml. 

14.4 

0 

nt 

nt 

Kallikrein 

0.05  unit/ml , 

14.2 

0 

nt 

nt 

Arthus  PF 

O.D.  ■  6.2 

29.8 

70 

25 

0 

Thermal  PF 

O.D.  a  5.9 

29.8 

54 

75 

0 

Cellular  PF* ** 

2-dilutcd. 

45.0 

56 

nt 

0 

*  The  PF  was  reloaaod  into  extracellular  fluid  (culture  aediua)  . 
by  cultured  fibroblasts  submitted  to  antigen -antibody  reaction, 

Tho  fluid  was.  takon  2-3.  hrs,  after  introduction  of  antigen.,  it 
being  diluted  (Hayashi,  H.,  1962;  Kinuwaki,  Y,  and  Takaba,  Y., 
unpubllshod) .  Characteristic  morphological  changes  in  the 
cultured  colls  have  boon  widely  investigated  (Hayashi,  H,  and  Ono, 
T.,  1955;  Ono,  T,,  1958;  Kuzo,  T,,  I960). 

**  isolated  from  healing  Arthus  skin  site  and  highly  purified  (see 
Udaka,  K.,  I960;  Hayashi,  H.f  1962). 


